The development of the aerospace industry in Mexico shows potential growth measured through the levels of state investment and the arrival of several international manufacturers to set up manufacturing production because of advantages offered by the country's proximity to North America and its international trade agreements with the European Union and some Asian countries, which are considered to be the biggest markets in this sector. Very high demand is expected for jet fuels in the coming decades due to intense global economic activity. Under this context, the Mexican government has developed infrastructure and several programs aimed at developing sustainable longterm biofuels for the industry. The objective of this research is to provide a literature review of the aerospace industry and the main biofuel crops currently deployed for this industry (mainly transportation). The main results show a promising and innovative industry fostered by public and private investments motivated by Mexico's recent regulatory changes in the energy sector. The main raw material crops for the production of biofuel in Mexico are Jatropha, sunflower, canola, and palm oils, all of which present significant advantages with production in Mexican soils. Important challenges remain, however, for continued development of capabilities in R&D, manufacturing production, supply chain optimization, and market development for biofuels.
Introduction
The aerospace industry is currently facing major challenges, and the entire industry is looking for opportunities to reduce operational costs, gain energy efficiency, and become a sustainable industry in the long-term. It has been argued that activities derived from transportation [1] are the second major source of CO2 emissions, just after the industrial sector. According to the US Energy Information Administration (EIA) [1] , it is estimated that transportation accounts for around 116 quadrillion Btus in 2016, and the consumption of jet fuel, for instance, will double from 2015 to 2040 because of the global rise in air travel. This will represent an increase of 4.7 quadrillion Btus between 2015 and 2040 [1, pp. 120-124] . In this regard, the industry faces major challenges in its attempts to improve energy efficiency and diminish its dependence on fossil fuels.
Jet fuel consumption for OECD countries, including Mexico, is projected to grow in the coming years and to more than double by 2040, passing from 5 quadrillion Btus in 2015 to 12 quadrillion Btus. The global increase is also fostered by China and India, with a 70% increase by 2040 for non-OECD countries in Asia [1, p. 16] . In fact, growing populations around the world, the need for personal transportation, and economic and business development are the main factors that will motivate jet fuel consumption in the coming decades. For this reason, international and industry efforts, including the aerospace industry in Mexico, have been aimed at searching for sustainable strategies that help to push economic growth while using alternative fuels, mainly non-fossil fuels. This will not only diminish negative environmental impacts but also help significantly in reaching the UN's Sustainable Development Goals by 2030 [2] . The advances Mexico presents focus on the design and strengthening of a public policy that encourages the production and use of bio-jet fuels. This strategy has focused particularly on the production of commodities such as Jatropha, sunflower, canola, and palm oils. This paper focuses on reviewing the feasibility of these biofuel crops considering current government involvement, investments from public and private sectors, production strategy, and the growing market forecast for bio-jet fuel production.
The Aerospace Industry: A Perspective
The aerospace industry can be defined as all productive activities dedicated to the construction and design of airplanes, helicopters, launchers, missiles, satellites, and equipment used onboard [3] . The industry is one of the largest manufacturing industries in the world in terms of jobs generated and value added. It can be said that just as the locomotive was the symbol of progress in the 19th century, during the 20th century, aircrafts were the most striking symbol of progress and industrial development.
The aerospace industry has motivated the development of other sectors, including tourism and travel, logistics and transportation, telecommunications, electronics and computing, advanced materials development, fuels, engines, civil engineering, capital goods, defense supplies, salvage, and public safety.
Aerospace companies are governed not only by profitability resulting from research and development, production strategies, and quick commercialization of products and services but also by strong demand and governmental policies. The demand of governments and policy issues influence the processes of strategic planning, development of an industry-wide vision, industry agreements, and the setup of key suppliers. Most clusters and supply chain providers are located in North America and Europe, with some in a few Asian countries. However, further development of the industry is expected to cause an expansion to other locations that are becoming manufacturing centers for production and end-consumers (e.g., the emerging economies). Along with the development of the aerospace industry in Western Europe and the United States, countries on other continents have joined in becoming manufacturers and consumers of aerospace equipment [4] .
The manufacturing production of aircrafts has increased since 2004-2005. Fig. 1 shows the sales order and production history of commercial aircrafts from 1981 through 2016, during which there was a 220% increase. Using a seven-year moving average, production levels over the last 20 years have increased 120.5% since 1996 [5] . Over the next decade, annual production levels of commercial aircraft are anticipated to increase by an estimated 29.3% [6] . These figures are congruent and correlated with jet fuel consumption figures provided by the EIA [1] . In other words, the entire industry and all the supply chain providers have grown significantly in the last two decades, and they are expected to keep growing for at least another two. Fig. 1 . Aerospace industry growth rate (demand forecasting) (1981-2020) [7] . 
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The Aerospace Industry in Latin America
Latin America is considered to have good prospects for development of the aerospace sector. The industry is led by Brazil, Mexico, Panama, Chile, Colombia, and Peru, who have all shown good performance in economic indicators and are expanding, generating new routes, increasing aircraft demand, and boosting internal markets. The region's commercial fleet is projected to double between 2015 and 2035, from nearly 1,550 airplanes to more than 3,600 (see Fig. 2 ). Latin America will need 2,960 new deliveries over the next 20 years to meet the combined demands of growth and replacement. The majority of these deliveries are expected to be in the single-class segment, reflecting the continued growth of low-cost carriers and further expansion of networks within Latin America and the Caribbean [8] . Fig. 2 . Latin American market value [8] .
In addition, the region is considered to be strategic for the development of the aerospace industry because of investments in the sector, the growing demand, and the developments in infrastructure, which include new airports and facilities across the region. In this regard, the clusters and companies involved in the industry, whether in transportation, infrastructure, communications, tourism, governmental policy regulations, or a number of others, are responding efficiently to these challenges to foster economic growth.
The Evolution of the Mexican Aerospace Industry
In 2002, only 20 aerospace companies in Mexico exported products to the United States worth $150 million. After the Mexican economic crisis in 1998, Mexico was urged to develop industries and to export more goods, which led to good economic performance from the automotive and electronic industries. The development of the aerospace industry took place after 2000, taking advantage of already developed human resources in the automotive, telecommunications, transportation, and electronics industries. This soon resulted in value added products and reduction of operational costs due to the proximity of the main markets, cheap labor, and financial incentives [9] . It can be said that the aerospace industry in Mexico is relatively new and offers significant competitive advantages that have attracted foreign and local investment, leading to settlement in production centers for a wide range of aerospace parts and equipment.
Most of Mexico's aerospace industry is located in the states of Baja California, Chihuahua, Nuevo León, Querétaro, and Sonora, in primarily the central and northern states (Fig. 3 ). This makes sense because these states are some of the most industrialized, they are close to the US market, and, on average, they possess good communications infrastructures. These states have also managed to get their public, private, and educational sectors working together to form specialized clusters that, in turn, have fostered the development of the industry. This led to 330 aerospace companies operating in Mexico in 2016, greatly surpassing the pioneering 20 established in 2000. According to Euromonitor International [11, p. 4] , the market value of the industry soared 24% in 2015 to reach MXN 55.1 billion due to spending on commercial aircraft. The industry's production growth was much the same, around 23%, in 2015, reaching MXN 48.6 billion, which is congruent with the growing air travel market reported from these sources [12, 13] . Production is expected to continue growing, making this industry the second largest in Latin America after Brazil [11, p. 2] . The Mexican producers play a key role in the supply chain of some of the major global producers such as Boeing, Airbus, Bombardier, Embraer, and Honeywell. For instance, Boeing alone has claimed to have $1 billion worth of aircraft components made by Mexican producers each year, and the company has commented that it was evaluating having its own production facilities in Mexico [11] . The increase of the industry's production can be traced in Fig. 4 , which shows that the level of exports were at the same level until 2012, and then, up to 2014, the exports significantly increased, leaving a positive trade balance of $640.6 million. The aerospace industry is getting more and more important in Mexico. From 2010 to 2014, the average Gross Domestic Product (GDP) growth rate of the industry was around 21%, far higher than the GDP growth of the country. 6 The industry witnessed the groundbreaking technological development the last decade. The comings of glass cockpit avionics, composite materials, lightweight engines and ultra-large airliners have made the aerospace industry more complex together with industrial processes and the supply chain.
The aeronautical international firms in Mexico have also turned around from harness assembly to produce full structural aircraft components, composite airframes and micro-tolerance turbine parts.
Unlike most of the aeronautical manufacturing operations in Mexico which only produce independent aircraft parts and components, there are four platforms which will produce practically the full aircraft airframe, to which, the other systems could be added on to produce a finished product. 7 6 
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Trade Balance
The exportation of Mexican aerospace industry has been increasing from 2010 to 2014, reaching 1,054 million USD in 2014, which also took around 0.3% of the total exportation that year. The importation of the Mexican aerospace industry experienced some variation. In 2014, the importation reached 413 million USD, 0.1% of the total importation.
The trade balance was around 640.6 million USD in 2014 8 .
Employment
The number of employees working the Mexican aerospace industry has been increasing from 2010 to 2014. In 2014, there were on average 21,592 people working in the industry, among which there were 17,989 people working as the labor and 3,603 people working as the staff, taking around 0.64% of all the people who work in the manufacturing industry.
In 2014, the total hours worked per month were 4,105.7 thousand hours on average, and the total monthly This way, Mexico has initiated an explicit campaign to attract aerospace companies, and the positive experiences of the first firms paved the way for increases in industry production on a wider range of products and services with the quality and safety standards demanded by the global industry. In addition, the natural resources that foster the metal-mechanic industry were considered a key issue for development of a wide range of suppliers [10] , and today, the aerospace industry is one of the fastest-growing industries in Mexico [13, p. 4] . However, the increasing economic activity of the industry has posed several challenges for industry regulations, environmental impacts, technological developments, financial investments, and long-term industry sustainability. As a result, there is a need to develop alternative fuels not only to keep efficient production running but also to provide products and services that consume less energy and are friendly to the ecosystems in which we live.
The Biofuels Industry for Aerospace in Mexico
The Transportation-Aerospace Sector
The transportation sector is the largest of all the end-use energy sectors in Mexico, well above industry (28%) and building (20%) (Fig. 5 ). The energy demand for the transportation sector has been rising rapidly at an average annual growth rate of 2.6% since 2000; light-duty cars and trucks, followed by aircraft, consume most of the energy in the sector [16] . 5 shows that fossil-based fuels are the main (and nearly the total) source for the transportation sector, pointing to a net dependency for these kinds of fuels. With the combined impact of increasing oil prices and concerns about environmental deterioration and high CO2 emissions, the aerospace industry is focusing on biofuels as an alternative to traditional fossil-based fuels. The International Energy Agency (IEA) estimates that by 2050, biofuels will account for 27% of all fuels in the transportation sector, particularly as a replacement for diesel and jet fuel [17] . Bio-jet fuel has recently started to attract interest, and it has been identified by the International Air Transport Association (IATA) as the most promising strategy to reduce CO2 emissions in the aviation sector. In this context, IATA aims to reduce by 50% the industry's carbon emissions by 50% by 2050, relative to a 2005 baseline [18] . Fossil jet fuel is composed of approximately 20% paraffins, 40% isoparaffins, 20% naphthenes, and 20% aromatics. This combination gives fossil jet fuel its physical properties [19] . When jet fuel is burned, other emissions, including sulfur oxides, nitrogen oxides, unburned hydrocarbons, and particulates (soot) are formed [20] . Biomass-derived jet fuel can provide a short-term and even long-term solution to the aerospace industry in the form of a lower environmental impact than fossil jet fuels [21] .
Accordingly, bio-jet fuel has been identified by the IATA as the most viable alternative for the replacement of fossil fuels in the aerospace industry [22, 23] . Sustainable biofuels for aviation could reduce CO2 emissions by 80% on a full carbon life cycle basis. IATA's focus is on biofuels sourced from second or new generation biomass (e.g., algae, Jatropha, and camelina). These fuels can be produced sustainably to minimize their impacts on food crops and fresh water usage [23] . The International Standard ASTM D7566, which guides the use of mixed biofuels with conventional turbosina, was introduced in 2012, allowing commercial airlines to carry out flights using biofuels. Interjet, a Mexican airline, was the first to deploy commercial flights with biofuel in the Americas. The flight took place using an Airbus A320-300 aircraft, and the fuel mix was 27% bioturbosina and 73% conventional turbosina [24] .
Bioenergy: Mexico's Capacity and Resources
Mexico is the third largest country in Latin America and the Caribbean in terms of cropland area, following Brazil and Argentina [25] . In 2014, the cultivated area was 22.4 million hectares, with agricultural production of 200 million tons [26] . Six crops represent 58% of the cultivated area: corn, sorghum, beans, coffee, sugarcane, and wheat [27] . The residual biomass generated from these crops currently has diverse uses, including animal feed and bedding, mulch, burning to produce energy, and composting. Biomass utilization for obtaining energy is an attractive option for the rural sector due to its multiple potential social benefits [28] . In 2016, modern biomass use included around 68 projects for power self-supply through combustion process using biogas and waste lignocellulosic biomass (e.g., sugarcane bagasse). Power installed capacity is 647 MW, of which 586 MW come from sugarcane bagasse and 61 MW from biogas [29] . Mexico produced 210.8 million tons of oil equivalent energy during 2014. According to Fig. 6 , an estimated 87.74% came from fossil-based fuels, 7.60% from renewable sources, 3.42% from charcoal, and the remaining 1.24% from nuclear energy [30, 31] . Fig. 6 . Mexico's total energy production (Mtoe) in 2014 [30, 31] .
Out of the global production of renewable energy sources (7.60%), biomass contributes 4.1%; geothermal, solar, and wind together contribute 1.8%; and hydropower contributes 1.6%. The potential to produce biomass in Mexico is high and is under development, with recent public policies put in place for its growth. Biomass energy use and production in Mexico are considered in the recent general regulatory framework for renewable energy sources. The National Development Plan (NDP) (2013-2018) and National Energy Strategy (NES) (2014-2028) recognize and promote the following specific guidelines [32, 33] :
 Prepare a national program for sustainable use of renewable energy that contains a methodology for the accounting of environmental and social externalities.
 Promote the development of and investment in technologies for the use of renewable energy in the generation of energy. Establish economic incentives and incremental goals that allow reaching 2030 with a renewable energy share of at least 20% of the total energy portfolio.
 Create robust support mechanisms for the development and manufacture of materials, equipment, and subcomponents for all renewable energy technologies in which Mexico would have competitive advantages with the exterior.
 Promote the efficient use of energy in domestic, industrial, agricultural, and transportation sectors through regulations on energy consumption.
Through the Secretary of Energy (SENER) and the commission for regulating energy, Mexico has deployed initiatives to promote the use of biofuels for the aerospace sector that aim to ensure the sector evolves toward safe, efficient, and sustainable operation. In this effort, and with the support of the National Council of Science and Technology of Mexico (CONACyT), the Mexican Network of Bioenergy (RMB) was created. This project aims to establish and consolidate a bioenergy network that is focused on aspects of science, technology, and innovation to promote the sustainable use of bioenergy on a large scale [34] .
The group has managed to bring together higher education institutions, research centers, and companies operating in the sector such as Boeing and Aeromexico (the largest commercial airline in Mexico). Marc Allen, President of Boeing International, said, "With the objective to support customers and the growth of the aerospace industry in the long-term, Boeing is proud to work together with Aeromexico and other important partners to develop sustainable biofuels for the industry in Mexico." [35] In the same line of action, the Secretary of Energy launched the Mexican Center for Innovation in Bioenergy (CEMIE-Bio) with the aim of developing technologies for the sustainable use of energy of forests, terrestrial-aquatic plants, agricultural waste, livestock, and urban and industrial sub-products [36] . The center has a cluster dedicated specifically to the development of the aerospace industry in the area of biofuels that integrates the capabilities and resources of research institutes and the private sector. The center also carries out other research activities in the mentioned fields and develops the human resources for the design, implementation, and operation of the generated technologies [36, 37] .
Commodities for the Production of Biofuels
Some of the main commodities that have been of interest in the development of biofuels are Jatropha oil, sunflower oil, canola oil, and palm oil. There are currently more than 6 million hectares of Jatropha plantations with the potential for establishment of approximately 2.6 million hectares with high potential. The Mexican states that have the best conditions for growing these shrubs are Sinaloa, Tamaulipas, Guerrero, Chiapas, and Michoacán [38] . One of the main advantages is that Jatropha can grow in semi-arid conditions or in sandy soils with a low nutrient content and need almost no extra supplies or special nutritional regimes [39] . Fig. 5 shows the production of Jatropha between 2008 and 2014. The graph shows a slight increase every year, starting with 2,185 tons in 2008 and reaching 15,825 tons in 2013, followed by a drastic drop of 6,749 tons in 2014. Production of Jatropha is, however, expected to increase in the coming years as a result of the projects currently implemented by the biomass industry in Mexico [40] . Sunflower oil is used in several parts of the world for its ability to generate biofuels, and although the chemical properties of the oil show good results for its manufacture, its profitability is still analyzed to be an important raw material in the production of biofuels [42] . Fig. 6 shows the ups and downs of sunflowers in national production in recent years, starting from 320 tons in 2008 to a production of 3,797 tons in 2010, with no great variation between 2010 and 2011; however, recent years have shown upward growth, and in 2014, production increased to reach 16,559 tons. Canola oil is a good source for production of biofuels because it contains approximately 40-45% oil that is also much better than other oil crops. For example, soybeans only contain one oil at 18-20% [43] . The palm oil based biofuel stands out among the other oils because it has a high octane number and high oxidation stability, which makes the product stable for more than six months. Additionally, the physicochemical properties meet the requirements of diesel engine combustion and are comparable with other biodiesels such as soybean and rapeseed oils [44] . As shown in Taking into account the national strategy to develop jet biofuels, Table 1 shows the potential of the commodities that are currently being produced, starting with Jatropha, which is inedible and grows in semi-arid or sandy soils with a low nutrient content. Its production costs are relatively low, between $0.37 and $0.85 per liter [45] , [46] . Its production in the country has decreased in recent years; however, there are new plans to increase its production and/or for the government to create specific projects to examine its technical feasibility in bio-jet fuel. Sunflower is being used as a biofuel in different parts of the world with good results. It has a good percentage of oil that runs between 35% and 38% [45] , and its national production has increased in recent years. However, its production cost is still high at between $0.93 and $1.30 per liter [45, 46] . As an input for biofuels, canola has an advantage since it has an oil content between 40-45% [43] and a lower production cost that ranges from $0.30 to $0.50 per liter [45] , [46] . However, national production has declined in recent years (2012) (2013) (2014) . Finally, palm oil shows a better agricultural performance with respect to the other commodities at 14.8 T/Ha [45] , and it has a low production cost of around $0.30 to $0.50 per liter [45, 46] . Its national production is growing steadily (2013-2014).
Conclusion
Forecasts indicate strong economic activity for the transportation sectors not only in Mexico but for most developed and emerging economies. As a consequence, the demand for jet fuel will inevitably increase. However, there is a strong need to diminish CO2 emissions and to meet the UN's sustainability goals and national and international commitments such as the agreements of the Paris and Kyoto protocols. Since the production of fossil fuels is still growing to cope with the demand, the need for developing alternative non-fossil fuels such as biomass to be used for jet fuels has increased. This article argued that Mexico has challenges with developing biofuels for the aerospace sector, but that there is significant potential to produce biofuels considering Mexico's natural resources, current levels of investment, and research capabilities. Additionally, recent changes in the regulations (Mexico's Energy Reform) have promoted the production and use of biofuels. In line with these efforts, the renewable sources law has included economic instruments to finance the energy transition through renewables [40] , thus ensuring that more projects will be created. Added to climate change efforts and Mexico's energy reforms [48] , this amounts to having a more competitive energy sector. In this regard, the recent creation of research centers by the Mexican government (through the Secretary of Energy) and active participation of companies in the industry bode well for the development and increase of biofuel production.
The article also argues that crops such as Jatropha, sunflower, canola, and palm are promising raw materials for producing jet biofuels. The Jatropha plant has great potential because of its ability to grow in difficult climate conditions and with very little nutrients from the soil. Some Mexican states possess the conditions to efficiently grow this crop. Sunflower also has potential for increasing production. However, production costs are still high although efforts are currently underway to cut down those costs. By contrast, canola has a high oil content for biofuels and better production costs, which make it a very attractive raw material for biofuel production. Finally, palm oil shows better agricultural performance than the previous crops, resulting in good national production and low production costs; thus, it is an attractive raw material option for biofuel production. Mexico is expected to increase production of all of these crops in the coming years, but there are still important challenges to be overcome in the production, supply chain, and regulation issues with the use of land and other social implications.
